Abstract: Chevron Mining Inc. established a revegetation test plot program to evaluate the potential cover depth, soil amendment, and planting treatments for reclamation of the Questa Mine rock piles. The Questa Mine is located near the Village of Questa, New Mexico at an elevation of approximately 2438 m. The test plot program consisted of constructing multiple test plots on 3 slope gradients: 3 horizontal units to 1 vertical unit (3h:1v slope gradient), 2h:1v slope gradient, and flat gradient (platform) test plots. Each test plot was constructed with 3 cover soil depth treatments over the existing rock pile material. These cover soil depth treatments included: no cover, 30 cm, and 90 cm of cover soil material. Soil amendment treatments varied between the sloped and flat gradient test plots. The sloped gradient test plots received treatments of forest soil mycorrhizal inoculant or no inoculant. The flat gradient test plots received treatments of phosphate fertilizer, forest soil mycorrhizal inoculant, or no amendment. After construction, each test plot was seeded, hydromulched, and planted with transplant tree and shrub seedlings. The transplanted tree seedlings consisted of 2 categories: nurse species and crop species. The nurse species consisted of fast establishing, short-lived species, which will shade and protect the crop species. The crop species consisted of multiple conifer species, which represent the post-mining land use plant community. The crop and shrub species were planted at a constant density, while the nurse species were planted at 2 different densities. Overall survival of all seedlings (2008) for platforms, 3h:1v, and 2h:1v slopes was 47%, 44%, and 46% respectively. Of all the treatments applied to the test plots, the one that consistently made a significant difference in survival was the depth of cover soil. The overall survival of all seedlings in 2008 for 0, 30, and 90 cm covers was 22%, 59%, and 58% respectively.
INTRODUCTION
Chevron Mining Inc. (CMI) owns and operates the Questa Mine, which is located approximately 3 miles east of Questa, New Mexico at an elevation of approximately 2438 m.
The post-mining land use for this site is forestry; therefore numerous studies have been conducted to investigate revegetation technologies and approaches. A study was initiated in 2003 to evaluate the effects of cover soil depth, soil amendments, and planting densities on tree and shrub seedling survival on rock piles. The rock piles were created from removal of overburden during open pit operations from 1965 to 1983. This paper presents the fifth-year seedling survival results from the study plots.
The reclamation standard at this site is a woody plant density of at least 791 stems/ha measured after a minimum of 12 years. This total must be comprised of at least two conifers at a density of 544 stems/ha and a mixture of four species of deciduous trees and shrubs at 247 stems/ha. It is anticipated that only a certain percentage of the seedlings planted will survive. Once the survival rates are known, then planting densities of seedlings can be calculated to meet or exceed the reclamation standard. This study provides survival data for 17 species of trees and shrubs on various treatments and provides CMI additional information for planning the appropriate planting densities and treatments needed to successfully reclaim the mine site and meet the post-mine land use.
METHODS AND MATERIALS

Test Plot Construction
Sites for the test plots were selected based on elevation, aspect, and access for construction.
The sloped plots were constructed by regrading selected areas on the rock piles to the designed subgrade elevation and slope. Three slope gradients were used in the study: 3 horizontal units to 1 vertical unit (3h:1v) slope gradients, 2h:1v slope gradients, and flat gradients (platforms). Nine 3h:1v plots, six 2h:1v plots, and 5 platform plots were constructed for a total of 20 test plots.
The 3h:1v plots are each 89.3 m x 53.6 m, the 2h:1v plots are each 65.5 m x 53.6 m, and the platform plots are each 45.7 m x 53.6 m.
Once constructed, the test plots were covered with 3 cover soil depth treatments: no cover (0 cm), 30 cm, and 90 cm. The cover soil material was excavated from near-pH-neutral apalite and black andesite rock fragments (< 20 cm diameter) from the Spring Gulch rock pile (Table 1) .
The platform test plots received three soil amendment treatments: control (no soil amendments), forest soil mycorrhizal inoculant (1121 kg/ha), and fertilizer (67 kg P 2 O 5 /ha). The sloped test plots received 2 amendment treatments: control (no soil amendment) and mycorrhizal inoculant (1121 kg/ha), which was screened soil from a nearby, previously undisturbed site. The soil amendment treatments were incorporated into the cover soil treatments by ripping furrows 30.5 cm deep and 45.7 cm apart with a bulldozer. The treatments were ripped in one direction due to space restrictions and to minimize the possibility of contamination of the neighboring treatments (Golder 2004). Between late October and early November 2003, the plots were planted with tree and shrub seedlings. The species were grouped into three seedling classes based on their desired reclamation purpose: 1) nurse species, 2) crop species, and 3) shrub species. The nurse species were chosen as fast-growing species, which would, overtime, provide shade and wind cover for the crop trees, and in some cases are nitrogen fixers. The crop species are conifers that are present in the mature forest surrounding the mine site. The shrub species provide understory growth and a wildlife food source in the final reclamation plant community (Golder, 2004) . The common name, scientific name, and class of each species planted are presented in Table 2 .
The nurse seedlings were planted at two densities: an A planting density (approximately 1625 seedlings/ha) and B planting density (approximately 3250 seedlings/ha). The crop seedlings were planted at approximately 805 seedlings/ha on all plots, and the shrubs were planted at approximately 520 seedlings/ha on all plots. The nurse trees on the platform test plots were planted using only the A planting density, while the sloped test plots were planted with both the A and B nurse seedling densities. On the sloped plots, each cover soil depth treatment was split in half along the length (down slope) of the test plot. One-half of the depth treatment was planted with the A planting density, while the other half was planted with the B planting density. A complete population count of all seedlings was collected for the 18 subplots (2 seedling density treatments, 3 soil amendment treatments, and 3 cover soil depth treatments) within each platform test plot. This count consisted of identifying and marking all planted seedlings with pin flags. These data were compared to notes recorded during planting to ensure that all planted seedlings were documented.
Sloped Test Plots
A sample count of the seedlings for the sloped plots was conducted using a circular sample plot with a 3.7-m radius (42.0 m 2 ). Each sloped test plot had 12 subplots (2 seedling density treatments, 2 soil amendment treatments, and 3 cover soil depth treatments). Prior to sampling, each subplot was divided into evenly spaced sections oriented along the length of the plot. The 3h:1v test plot subplots were divided into 5 sections, and the 2h:1v test plot subplots were divided into 4 sections. Three of the 5 sections from the 3h:1v subplots and 2 of the 4 sections from the 2h:1v subplots were randomly chosen for sampling. These same sections have remained as the permanent sample plots. The section center points were established on the subplot and recorded with a mapping-grade Trimble Pro-XL global positioning system receiver for future studies.
Data Analysis
Tree and shrub survival was calculated as the number of seedlings surviving divided by the number planted in a treatment. The mean survival for each treatment was calculated and then the treatments were compared using either an analysis of variance (ANOVA) or a t-test (Snedecor and Cochran, 1967) .
RESULTS AND DISCUSSION
Platform Test Plots
A total of 3093 trees and shrubs were planted on the 5 platform test plots, and the total number surviving after 5 years was 1453, or 47.0%. Seedlings on the 30 (59.9%) and 90 cm cover depths (55.1%) had significantly greater survival than on the 0 cm cover (26.8%) (p<0.01),
and there was no difference in survival between 30 and 90 cm cover depths. There was no difference between the mean survival rates of seedlings on the three soil amendments: control (45.8%), inoculant (47.7%), and fertilizer (48.4%) ( Table 3) .
Nurse Species. A total of 1645 nurse trees were planted on the 5 platform test plots, and the total number surviving after 5 years was 964, or 58.6%. Seedling survival on the 30 (73.2%) and 90 cm (70.8%) covers was significantly greater than 0 cm cover depth (32.0%) (p<0.01), and there was no difference in survival between 30 and 90 cm cover depths. There was no difference between the mean survival rates of seedlings on the 3 soil amendments: control (60.4%), inoculant (60.7%), and fertilizer (55.0%) ( Table 3) . between the 30 (42.7%) and 90 cm (33.4%) cover depths, nor was there a difference between the 0 (24.2%) and 90 cm cover depths; however, the survival on the 30 cm cover depth was greater than on the 0 cm cover (p=0.02). There was no difference between the mean survival rates of seedlings on the 3 soil amendments: control (27.7%), inoculant (31.2%), and fertilizer (41.5%) (Table 3) .
Shrub Species. A total of 609 shrubs were planted on the 5 platform test plots, and the total number surviving after 5 years was 211, or 34.7%. Shrub seedling survival on the 30 (48.5%) and 90 cm (41.6%) cover depths was significantly greater than on the 0 cm cover (16.4%) (p<0.01), and there was no difference in seedling survival on the 30 and 90 cm cover depths.
There was no difference between the mean survival rates of seedlings on the 3 soil amendments:
control (35.2%), inoculant (33.9%), and fertilizer (37.5%) ( Table 3 ).
The survival rate of the 17 seedling species on the platform plots varied widely. In general, most species had poor survival on the 0 cm cover and conversely, most did well on the 30 and 90 cm cover depths. All of the nurse species averaged better than 50% survival on the 30 and 90 cm cover depths, and similarly 2 crop species (southwestern white pine and limber pine) and 2 shrub species (mountain mahogany and Woods' rose) averaged better than 50% survival. One crop species (piñon pine) and one shrub (fourwing saltbush) survived at less than 10% on all cover depths (Table 4) . significantly greater than plots with planting density B (27.0%) (p<0.01) ( Table 5 ).
The survival rate of the 17 seedling species on the 3h:1v sloped plots varied widely. In general, most species had poor survival on the 0 cm cover depth and conversely, most did well on the 30 and 90 cm cover depths. All of the nurse species averaged better than 50% survival on the 30 and 90 cm cover depths, and similarly 1 crop species (limber pine) and 2 shrub species (mountain mahogany and Woods' rose) averaged better than 50% survival. One crop species (piñon pine) had survival of less than 10% on the 0 cm and 90 cm cover depths and survival of only 10.6% on the 30 cm cover depth. Two shrubs (big sagebrush and fourwing saltbush) had survival of less than 10% on all 3-cover depths. Rubber rabbitbrush had survival of less than 10% on the 0 cm and 90 cm cover depths and only 12.0% on the 30 cm cover depth. Gambel oak and Scouler's willow each had only 1 seedling planted (which subsequently died), so their survival is 0% (Table 6 ).
2h:1v Sloped Test Plots. A total of 1734 trees and shrubs were planted on the six 2h:1v sloped test plots, and the total number surviving after 5 years was 833, or 48.0%. Seedlings on the 30 (58.8%) and 90 cm (58.4%) cover depths had significantly greater survival than on the 0 cm (21.9%) cover (p<0.01), and there was no difference in survival on the 30 and 90 cm cover depths. The mean survival rate of seedlings on plots with inoculant (50.9%) was significantly greater than plots with no inoculant (41.7%) (p=0.03). There was no difference in the mean survival rates of seedlings at planting densities A (46.0%) and B (46.6%) ( Table 7) . cm (67.0%) cover depths had significantly greater survival than on the 0 cm (23.6%) cover (p<0.01), and there was no difference in survival on the 30 and 90 cm cover depths. The mean survival rate of seedlings on plots with inoculant (57.8%) was significantly greater than plots with no inoculant (47.5 %) (p=0.04). There was no difference in the mean survival rates of seedlings at planting densities A (53.2%) and B (52.1%) ( Table 7) .
Crop Species. A total of 407 crop trees were planted on the six 2h:1v sloped test plots, and the total number surviving after 5 years was 145, or 35.6%. Seedlings on the 30 (41.7%) and 90 cm (38.4%) cover depths had significantly greater survival than on the 0 cm (23.6%) cover (p<0.01),
and there was no difference in survival on the 30 and 90 cm cover depths. There was no difference in the mean survival rates of seedlings between inoculant (35.5%) and no-inoculant plots (30.7%). There was no difference in the mean survival rates of seedlings at planting densities A (33.6%) and B (32.7%) ( Table 7) . was significantly greater than plots with planting density B (36.9%) ( Table 7) .
The survival rate of the 14 seedling species on the 2h:1v sloped plots varied widely. In general, most species had poor survival on the 0 cm cover and conversely, most did well on the 30 and 90 cm cover depths. Two of the nurse species (narrowleaf cottonwood and New Mexico locust) averaged better than 50% survival on the 30 and 90 cm cover depths, and similarly 1 crop species (limber pine) and 3 shrub species (mountain mahogany, apache plume, and Woods' rose) averaged better than 50% survival. Piñon pine had survival of less than 10% on the 0 cm and 30 cm cover depths only 11.5% on the 90 cm cover. Three shrubs (big sagebrush, fourwing saltbush, and rubber rabbitbrush) had less than 10% survival on all cover depths. Englemann spruce, Gambel oak, and Scouler's willow were not planted on the 2h:1v sloped plots (Table 8) . cm cover depth treatments. In nearly all cases, the survival on the 0 cm cover was significantly lower than on the 30 and 90 cm cover depths, and in nearly all cases, the survival on 30 and 90 cm cover depths were not significantly different. All classes of seedlings showed higher survival on the test plots with cover material than without.
There was no difference in seedling survival between the control and the soil amendment treatments on the platform plots, suggesting that the fertilizer and inoculant had no effect on survival. In contrast, the inoculant on the sloped plots did increase survival in some cases. On the 3h:1v plots, the crop species survived better with an inoculant, and on the 2h:1v slopes the nurse species survived better with an inoculant. In all but one case, there was no difference in survival between the A and B planting densities.
The data gathered on the survival rates of the species in this study and on which treatments significantly improve survival will be important for CMI for reclamation planning. These data will allow CMI to determine which species to plant, the appropriate planting densities for those species, and the treatments (i.e., cover soil application) that will be needed to successfully meet the site's reclamation standard.
